® 



J 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 





© Publication number: 0 680 108 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 95302705.9 
@ Date of filing : 24.04.95 



@lntCI.«: HOI PI/213 



@ Priority : 26.04.94 JP 88524^4 

@ Date of publication of application : 
02.11.95 Bulletin 95/44 

@ Designated Contracting States : 
DE FR GB 

ffh Applicant: MURATA MANUFACTURING CO., 
LTD. 

26-10, Tenjin 2-chome 
Nagaokakyo-shi Kyoto-fu 226 (JP) 



@ Inventor : Atokawa, Masayuki do Murata 
Manufacturing Co.Ltd 
26-10, Tenjin 2-chome 
Nagaokakyo-shi, Kyoto-fu (JP) 

@ Representative : Hilller, Peter et a! 
Reginald W. Barker & Co., 
Chancery House, 
53^, Chancery Lane 
London, WC2A 1QU (GB) 



@ Duplexer. 

@ A duplexer usable for both transmission and reception in a mobile communication apparatus such as a 
car phone has both Its transmisston section and reception section mounted on a single substrate. The 
transmissbn section is connected between an input terminal and an antenna terminal and Includes an 
isolator and either a circuit having only inductors and capacitors or a trap drcuit having a dielectric 
resonator and an inductor and a n-type low-pass filter having an inductor and capacitors. The reception 
sectton is comprised of a filter using dielectric resonators. 



< 

00 



00 



ISO 



ANT 

Q 




TTT 



C6 



C7 

-Hf- 



C8 
-Hh- 



RX 



R4 



a. 

lU 



Jouva, 18. ma SabiHtenis. TC0O1 PARIS 



1 



EP 0 680 108 A1 



2 



Background of the Invention 

This invention relates to a duplexer. usable in a 
mobile communication apparatus such as a car 
phone and a portable phone, for allowing a single an- s 
tenna to be used for both transmission and reception 
of signals. 

There is a trend for compactness and high- 
density mounting in mobile communication appara- 
tus such as portable telephones, and the progress Is io 
in the direction of digital systems. Under these cir- 
cumstances, there are increased demands for com- 
pactness and high-density mounting for the compo- 
nents which are used in such apparatus. 

An antenna circuit for an apparatus such as a is 
portable telephone Is generally structured, as shown 
in Fig. 4, by connecting an isolator ISO to a duplexer, 
the duplexer being composed of a transmission filter 
and a reception filter and the isolator being connected 
to the input terminal of its transmission section. Fig. 20 
5 shows a circuit diagram of a duplexer for a prior art 
mobile communication apparatus such as a portable 
analog telephone using dielectric resonators. Its 
transmission section comprises a band elimination 
filter using two dielectric resonators R1 and R2 as well 25 
as capacitors Ci • C5 and inductors and L3, and its 
reception section comprises a two-stage bandpass 
filter using two dielectric resonators R3 and R4 as well 
as capacitors Ce - Cs. An antenna terminal ANT In the 
middle Is connected to an antenna. The Inductor Li 30 
and the capacitors Ci and C2 together form a ll-type 
low-pass filter adapted to adjust the phase at the an- 
tenna terminal ANT of the band elimination filter such 
that the reflection phase becomes open in the pass 
band of the bandpass filter in the reception section. 35 
The dielectric resonators Ri • R4, capacitors Ci - Ca 
and inductors Li - L3 are mounted on a single sub- 
strate to form a duplexer of a unified structure and, 
when it is used In an apparatus such as a portable tel- 
ephone, such a duplexer and an isolator are mounted 40 
separately on a circuit boanj. 

Thus, a prior art duplexer has a transmission sec- 
tion having a filtering function with large attenuation 
in the pass band of the reception section, and use is 
therefore made of a dielectric filter with large attenu- 45 
ation comprising a plurality of dielectric resonators. 
Thus, many dielectric resonators, capacitance-pro- 
viding elements and inductance-providing elements 
such as coils were required. This makes it difficult to 
provide a compact duplexer. and since these many so 
elements must be properly arranged and soldered, 
not only the cost of components but the cost of pro- 
duction is increased. Moreover, such a prior art du- 
plexer has the problem of a large Insertion loss. 

55 

Summary of the Invention 

It is therefore an object of this invention to elinv 



inate the problems as described above of prior art du- 
plexers and to provide an improved duplexer with a 
small loss, which is composed of an isolator and a 
fewer components, can be produced at a reduced 
cost and in a compact form, can be mounted on a cir- 
cuit board easily and requires a reduced area for 
mounting. 

A duplexer embodying this invention, with which 
the above and other objects can be accomplished, 
may be characterized as having its transmission sec^ 
tion formed with an isolator and a circuit having only 
inductors and capacitors, and its reception section 
comprised of a filter using dielectric resonators, both 
the transmission and reception sections, inclusive of 
the isolator, being mounted on a single substrate to 
form a unitary structure. The circuit having only in- 
ductors and capacitors in the transmission section is 
formed as a combination of a series-connected reso- 
nance circuit with an inductor and a capacitor and a 
ll-type low-pass filter having an inductor and capaci- 
tors. 

The transmission section may alternatively be 
comprised of an isolator, a trap circuit including a sin- 
gle dielectric resonator and a capacitor, and a ll-type 
low-pass filter having an inductor and capacitors. 

With a duplexer thus formed, fewer components 
are required because its transmission section in- 
cludes no dielectric resonators or only one dielectric 
resonator, and a compact duplexer with a low loss can 
be realized. 

Brief Description of the Drawings 

The accompanying drawings, which are incorpo- 
rated in and form a part of this specification, illustrate 
embodiments of the invention and. together with the 
description, serve to explain the principles of the in- 
vention. In the drawings: 

Fig. 1 is a circuit diagram of a duplexer embody- 
ing this invention; 

Fig. 2 is a diagonal external view of the duplexer 
of Fig. 1 mounted on a substrate; 
Fig. 3 is a circuit diagram of another duplexer ac- 
cording to another embodiment of the invention; 
Fig. 4 is a schematic diagram showing the gener- 
al structure of a duplexer; and 
Fig. 5 is a circuit diagram of a prior art duplexer. 
Throughout herein, components which are equh^- 
alent although belonging to different duplexers are in- 
dicated by the same symbols for convenience. 

Detailed Description of the Invention 

As shown in Fig. 1, a duplexer according to this 
invention has a bandpass filter in its reception section 
formed with capacitors C7, Cs and Ce Inserted respec- 
tively between two dielectric resonators R3 and R4. 
between the dielectric resonator R4 and an output ter- 
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minal RX, and between the dielectric resonator R3 
and an antenna terminal ANT. In its transmission sec- 
tion, an isolator ISO Is connected to an Input terminal 
TX, and a 11-type low-pass filter comprised of an in- 
ductor Li and capacitors and C2 and a series-con- 5 
nected trap circuit comprising an inductor L2 and a ca- 
pacitor C3 are connected between the isolator ISO 
and the antenna terminal ANT. 

The main function of this ll-type low-pass filter 
comprised of the Inductor Li and capacitors Ct and C2 10 
and the series<connected trap circuit comprising the 
inductor L2 and the capacitor C3 is to adjust the phase 
such that the reflection phase in the passbandof the 
band pass filter at a receiving station becomes open 
at the antenna terminal ANT. In other words, the cir- 15 
cult in the transmission section described above is for 
the purpose of matching the isolator with the recep- 
tion filter, and not for obtaining attenuation inside the 
passband. at the receiving station. 

In summary, the circuit according to this embodi- 20 
ment of the invention is obtained by replacing the prior 
art filter circuit using dielectric resonators (as shown 
in Fig. 5) by a circuit having only inductors and capac- 
itors, and this has become possible because attenu- 
ation Inside the passband at the receiving station is 25 
unnecessary in the case of a duplexer comprising a 
transmission filter and a reception filter used for a dig- 
ital portable telephone, etc. 

A duplexer as shown in Fig. 1 is formed according 
to this invention by mounting the isolator ISO, the di- 30 
electric resonators R3 and R4, inductors Li and L2 and 
capacitors Ci - C3 and Ce - Ca on a single substrate, 
as shown In Fig. 2. Grounding electrodes GND are 
formed as wiring patterns both on the upper and lower 
surfaces of the substrate (although the bottom sur- 35 
face is not separately illustrated). Similarly, although 
not shown in Fig. 2, terminals for connections, as well 
as Input and output electrodes are formed also as wir- 
ing patterns on the upper and lower surfaces of the 
substrate. 40 

In summary, a duplexer according to this embodi- 
ment of the invention is characterized as having a 
simplified circuit in the transmission section and be- 
ing a unified structure including an isolator. Since the 
transmission section can thus be formed without us- 45 
ing a dielectric resonator and an isolator is included 
as a part of the unified structure, not only dielectric 
resonators but also inductors and capacitors which 
would be required to be connected to such dielectric 
resonators to forni a filter are no longer required. As so 
a result, the total number of components to be assenv 
bled (and soldered) is reduced and the insertion loss 
can also be reduced according to this Invention. 

Fig. 3 shows another duplexer embodying this in- 
vention characterized as having its transmission sec- 55 
tion formed by connecting an isolator ISO to an Input 
terminal TX and connecting a ll-type low-pass filter 
comprised of an inductor L1 and capacitors Ci and C2 



and a series-connected trap circuit comprising a di- 
electric resonator R2 and a capacitor C3 between the 
isolator ISO and the antenna terminal ANT. Its recep- 
tion section is structured as explained above with ref- 
erence to Fig. 1. In other words, the duplexer shown 
in Fig. 3 may be described as using the dielectric res- 
onator R2 in the place of the inductor L2 of Fig. 1 . Thus, 
the circuit for the transmission section composed of 
the inductor Li, capacitors Ci, C2 and C3 and the di- 
electric resonator R2 is for the purpose of matching 
the isolator in the transmission section with the re- 
ceiving circuit at a receiving station. 

As explained above, a duplexer according to the 
second embodiment of the invention is characterized 
wherein its transmission section does not have the fil- 
tering function obtainable with a plurality of dielectric 
resonators which were necessary in prior art duplexer 
for obtaining attenuation. Instead, the transmission 
section includes only one dielectric resonator, and it 
is forthe purpose of matching. Thus, the transmission 
section is much simplified as compared to prior art 
duplexers. 

Although not separately illustrated, a duplexer* 
according to this invention, of which the circuit dia- 
gram Is shown In Fig. 3, is characterized in that all 
these components shown in Fig. 3, inclusive of the 
isolator, are mounted on a single substrate, as shown 
in Fig. 2. Since use is made of a single substrate and 
the reception section includes only one dielectric res- 
onator for matching, the total number of components, 
as well as the insertion loss, can be reduced also ac- 
cording to this embodiment of this invention. 

Although this invention has been described 
above in terms of only a limited number of examples, 
the invention is not intended to be limited by these il- 
lustrated examples. Many modifications and varia- 
tions are possible within the scope of the invention. 
For example, although the illustrated examples In- 
cluded a two-stage resonator apparatus for the re- 
ception section, the circuit for the reception section 
may be formed with a single-stage dielectric resona- 
tor or a multi-stage resonator apparatus with three or 
more stages. The manner of connecting the resona- 
tors is not intended to limit the scope of the invention. 
As another example, although a plurality of dielectric 
resonators, each comprising a dielectric block having 
a throughhole serving as a resonator, are used as a 
filter for the reception section In the illustrated exanv 
ples, use may equally well be made of a dielectric res- 
onator apparatus (or dielectric filter) comprising a sin- 
gle dielectric block having a plurality of throughholes 
serving as resonators. In summary, all such modifi- 
cations and variations that are obvious to a person 
skilled in the art are intended to be within the scope 
of the invention. Duplexers according to this invention 
are finally characterized as having a simplified circuit 
for its transmission section and every component in- 
clusive of an isolator mounted on a single substrate 
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such that they can be easily mounted on a circuit 
board for an apparatus such as a portable telephone 
and the cost of the mounting can be reduced. Since 
the transmission section can be formed without using 
any dielectric resonator or only one dielectric resona- 
tor, furthermore, the total number of the components 
can be reduced significantly. As a result, the insertion 
loss is reduced, the duplexer can be made compact 
and the cost of parts as well as the overall production 
cost can be significantly reduced. 



Claims 



and an inductor, and a ll-type low-pass filter hav- 
ing an inductor and capacitors; 

a reception section comprising a reception 
filter having a dielectric resonator apparatus; and 
5 a single substrate on which said transmis- 

sion and reception sections are mounted. 

8. The duplexer according to claim 1 wherein said 
transmission section consists of said isolator, 
10 said trap circuit and said ll-type low-pass filter, 
wherein said reception section consists of said 
reception filter, and wherein said reception filter 
consists of dielectric resonators and capacitors. 



1. A duplexer comprising: is 

a transmission section comprising an iso- 
lator and a transmission circuit comprising induc- 
tors and capacitors; 

a reception section comprising a reception 
filter having a dielectric resonator apparatus; and 20 

a single substrate on which said transmis- 
sion and reception sections are mounted. 

2. The duplexer according to claim 1 wherein said 
transmission section consists of said isolator and 2S 
a transmission circuit consisting of inductors and 
capacitors, wherein said reception section con- 
sists of said reception filter, and wherein said re- 
ception filter consists of dielectric resonators and 
capacitors. 30 



9. The duplexer according to claim 7 or dalm 8 fur- 
ther comprising an antenna tenminai, an input ter- 
minal and an output terminal, said transmission 
section being connected between said antenna 
terminal and said input terminal, said reception 
section being connected between said antenna 
terminal and said output terminal. 

10. The duplexer according to claim 7 further com- 
prising grounding electrodes formed on surfaces 
of said single substrate. 



3. The duplexer according to claim 1 or claim 2 fur- 
ther comprising an antenna terminal, an input ter- 
minal and an output terminal, said transmission 
section being connected between said antenna 35 
terminal and said input terminal, said reception 
section being connected between said antenna 
terminal and said output terminal. 

4. The duplexer according to any one of claims 1 to 40 
3 wherein said transmission circuit comprises a 
ll-type low-pass filter having an inductor and ca- 
pacitors and a series-connected resonance cir- 
cuit having an inductor and a capacitor. 

45 

5. The duplexer according to any one of claims 1 to 
3 wherein said transmission circuit consists of a 
ll-type low-pass filter having an inductor and ca- 
pacitors and a series-connected resonance cir- 
cuit having an inductor and a capacitor. so 

6. The duplexer according to claim 1 further conv 
prising grounding electrodes formed on surfaces 
of said single substrate. 

55 

7. A duplexer comprising: 

a transmission section comprising an iso- 
lator, a trap circuit having a dielectric resonator 
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